It is difficult to synthesize nano-β-tricalcium phosphate (nano-β-TCP) owing to special crystal habit. The aim of this work was to synthesize nano-β-TCP using ethanol-water system and characterize it by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), Malvern laser particle size analyzer, and transmission electron microscope (TEM). In addition, the inhibitory effect of nano-β-TCP on human hepatocellular carcinoma (HepG2) cells was also investigated using MTT assay, lactate dehydrogenase (LDH) leakage test, and 4′-6-diamidino-2-phenylindole (DAPI) staining. The results showed that negatively charged rod-like nano-β-TCP with about 55 nm in diameter and 120 nm in length was synthesized, and the average particle size of nano-β-TCP was 72.7 nm. The cell viability revealed that nano-β-TCP caused reduced cell viability of HepG2 cells in a time-and dose-dependent manner. These findings presented here may provide valuable reference data to guide the design of nano-β-TCP-based anticancer drug carrier and therapeutic systems in the future.
Introduction
Calcium phosphate is a kind of material which plays an important role in biomedical materials due to its excellent biocompatibility, biological activity, and osteoconductivity [1] [2] [3] [4] [5] . Hydroxyapatite (HA) and β-TCP are two of the most widely applied calcium phosphate materials. HA is the main inorganic component of natural bones which has been extensively studied because it can form a mechanically strong bond to natural bone as a ceramic material [6] . However, the biodegradability of HA in the human body is too poor to limit its application [7] . The component of β-TCP is similar to the inorganic component (Ca 10 (PO 4 ) 6 (OH) 2 ) in the bone matrix [8] . Compared with HA, β-TCP has good biodegradability and higher dissolution rate in the body environment after implantation, which is absorbed and replaced by new bone [9] .
In recent years, nanomaterials, due to unique physical and chemical properties, have been widely used in biomedicine, biotechnology, and other fields, including cancer treatment [10] , medical imaging [11] , and drug carrier [12] . Nano-β-TCP has attracted great attentions in biomedical engineering. For example, high surface energy of nano-β-TCP could be applied to the field of drug delivery, and the use of its small size and large surface area could improve the toughness, biological activity, and biodegradability of material [13] [14] [15] . However, as a result of the special crystal habit, it is difficult to synthesize nano-β-TCP. The current literature on preparation of nano-β-TCP has rarely been reported. Liu et al. [16] prepared spherical β-TCP powders with about 100 nm in diameter. Tas et al. [17] synthesized β-TCP with high thermodynamic stability, but particle sizes were submicrometer. Liou and Chen [18] successfully prepared rod-like β-TCP using microwave-assisted coprecipitation method, with about 80-150 nm in diameter and 200-300 nm in length. Nevertheless, on the one hand, the products were large in size and irregular in morphology, which were synthesized by precipitation [16, 19] , microwave-assisted coprecipitation, sol-gel method [20] , and mechanical synthesis method [21, 22] . On the other hand, the microwave-assisted coprecipitation method has higher requirements for equipment; mechanical synthesis method spends much time and energy consumption. In addition, grinding media will cause pollution of the product. Room temperature synthesis method [23] has smaller size of the product, but the crystallinity is not good. Therefore, it is of great importance to study the synthesis of nano-β-TCP using a simpler method.
Studies have shown that nano-HA and other nanomaterials have a certain anticancer activity [24] [25] [26] . Moreover, the degradation of nano-β-tricalcium phosphate is better than that of HA, but there are few reports on its application in cancer treatment, especially for the treatment of liver cancer. As we know, hepatocellular carcinoma (HepG2) is one of the high incidence of malignant tumors around the world; additionally, HepG2 cell line has been widely used as the human hepatoma model cell line in the development of new antitumor drug carrier and therapeutic systems. Hence, in this study, nano-β-TCP was synthesized from Ca(NO 3 ) 2 •4H 2 O and (NH 4 ) 2 HPO 4 by ethanol-water system (seen in Figure 1 ), and inhibitory effect of nano-β-TCP was also investigated with the HepG2 cells as the model cell line and human hepatocyte cell (L-02) as the control. (10, 000 U/mL penicillin, 10 mg/mL streptomycin) and trypsin-EDTA were purchased from HyClone (USA). Fetal bovine serum (FBS) and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide were provided by Zhejiang Tianhang Biotechnology Co. (China). Lactate dehydrogenase (LDH) detection kit and 4 ′ ,6-diamidino-2-phenylindole (DAPI) were purchased from Beyotime Institute of Biotechnology (China).
Materials and Methods

2.2.
Preparation of Nano-β-TCP. Nano-β-TCP used in the experiment was synthesized by ethanol-water system in our laboratory. Briefly, stoichiometric amount of Ca(NO 3 ) 2 •4H 2 O and (NH 4 ) 2 HPO 4 was dissolved in anhydrous ethanol and deionized water, respectively. Then the two solutions were mixed under stirring thoroughly at 40°C and a constant pH value with ammonia solution. After that, the mixed solution was placed in an oven at 30°C. The precipitate was centrifuged, washed with deionized water and anhydrous ethanol several times to remove NH4 + and NO 3− ions, and then dried in a vacuum oven at 80°C for 12 h. Finally, the dried powder was calcined at 800°C for 2 h in a muffle furnace and employing a heating rate of 15°C/min. In this paper, the influence of reaction procedures on nano-β-TCP was discussed, and the optimal reaction procedure was selected. Four reaction procedures are given in Table 1. 2.3. Characterization of Nano-β-TCP. The size and zeta potential of nano-β-TCP were analyzed in deionized water or DMEM complete culture medium supplemented with 10% FBS (cDMEM) using the Malvern laser particle size analyzer (ZEN1600, UK). The phase and crystallization of the sample were characterized by X-ray diffraction (D/MAX-RBRU-200B, Japan). The characteristic groups of the sample were studied using Fourier transform infrared spectroscopy (Nicolet 6700, USA). The morphology was observed by field-emission transmission electron microscopy (JEM2100F, Japan).
2.4. Cell Culture. Human hepatocellular carcinoma HepG2 cells and human hepatocyte L-02 cells were cultured in DMEM or RPMI-1640 medium supplemented with 10% FBS and 1% penicillin-streptomycin at 37°C under a humidified atmosphere containing 5% carbon dioxide. Cells were trypsinized with 0.25% trypsin-EDTA and passaged upon attaining 70% confluence in cell culture flasks. [27, 28] . In brief, the exponentially growing HepG2 cells and L-02 cells were seeded into 96-well plate at a density of 1 × 10 4 cells/well and allowed to attachment for 24 h. Then, the culture medium was replaced by the fresh medium containing different concentrations of nano-β-TCP (0, 50, 100, 200, and 400 μg/mL), respectively. The cells were incubated at 37°C with 5% CO 2 for 48 or 72 h. Afterwards, 20 μL of filtered MTT working solution (5 mg/mL) was added to each well, and the cells were further incubated for 4 h at 37°C to allow the yellow dye to be transformed into blue crystals. Thereafter, the unreacted dye solution was removed and 200 μL of DMSO solution was added. The absorbance value was measured at 490 nm using a fullwavelength microplate reader. Cell viability (%) was calculated according to the following formula: cell viability % = A test / A control × 100%.
Lactate Dehydrogenase (LDH) Release.
To evaluate the effect of nano-β-TCP on the membrane integrity of HepG2 cells and L-02 cells, the activity of LDH in extracellular medium was measured [29] . Cells were seeded into 96-well plate at a density of 1 × 10 4 cells/well and allowed to attachment for 24 h. Then, cells were treated by different concentrations of nano-β-TCP (0, 50, 100, 200, and 400 μg/mL) for 48 h. According to the manufacturer's instructions, 120 μL of the supernatant was taken into another 96-well plate, and then 60 μL of LDH assay reaction mixture was added. The mixture was incubated at room temperature for 30 min in the darkness, and the absorbance was measured at 490 nm using a microplate reader. Journal of Nanomaterials 2.6. Statistical Analysis. Statistical analysis was performed on Software SPSS17.0. All data were presented as means ± standard deviation (SD). Statistical differences were evaluated using the one-way ANOVA and considered significant when * p < 0 05.
Results and Discussion
3.1. Characterization of Nano-β-TCP. The particle size distributions and zeta potential of nano-β-TCP are shown in Figures 2 and 3 . The average particle sizes of nano-β-TCP prepared by procedure (a), (b), (c), and (d) were 92.7, 155, 102, and 72.7 nm, respectively. When the dosage of the solvent was increased to three times (versus procedure a), the average particle size of the product decreased from 92.7 to 72.7 nm (Figure 2 ). By comparison, it can be found that the average particle size of the sample prepared by the experimental process (d) was the smallest. The zeta potential of the nano-β-TCP was negatively charged dispersed in cDMEM, about −8.98 mV ( Figure 3) ; this result agrees well with the finding of Florentina et al. [30] . Calcination temperature and aging time affect the final product in morphology and size. It was observed that both the crystallinity and particle size increased with calcination temperature [20] . The extension of the aging time resulted in the increasement of particle size and agglomeration [31] . Therefore, here, we chose the calcination temperature at 800°C and aging time for 4 h. The driving force for the formation of nano-β-TCP in the ethanol-water system is the difference in Gibbs free energy, which is affected by the reaction temperature and solubility product. Due to the low solubility product of nano-β-TCP, the formation of nano-β-TCP nuclei can be driven by supersaturation at low temperature, and supersaturation helps the nucleation of nano-β-TCP at the beginning of reaction. In the process of reaction and aging, the mixture solution of ethanol and water is more easily evaporated than aqueous solution, resulting in the saturation state of the solution. Therefore, the nucleation and growth process of crystal can be controlled by controlling the rate of evaporation of the solution.
The representative XRD pattern, FTIR, and TEM image of the nano-β-TCP prepared by the experimental process Figure 4 . Figure 4 (a) exhibits a typical phase composition of nano-β-TCP powder. The diffraction peak of the product was consistent with that of the β-TCP standard card (JCPDS number 09-0169), indicating that the product is high-purity nano-β-TCP with narrow diffraction peak and high strength. . A weak band near 945 cm −1 due to the P-O(H) stretching in HPO 4 2− groups was observed. 1385 cm −1 band corresponded to the absorption peak of CO 3 2− , which may be due to the fact that CO 2 in the air is dissolved in the lattice of nano-β-TCP [32] . A typical TEM image of nano-β-TCP powder obtained by calcination at 800°C, as presented in Figure 4 (c), certain agglomeration of nano-β-TCP was observed, due to the large surface area and energy associated to these nanoparticles [33] , indicating a short rod shape with a diameter of about 55 nm, 120 nm in length.
Cell Viability.
Many studies have shown that calcium phosphate nanomaterials can obviously inhibit the tumor cell growth [34] [35] [36] . The effects of nano-β-TCP on HepG2 cells and L-02 cells were shown in Figures 5 and 6 . According to the MTT assay ( Figure 5(a) ), the cell viability of L-02 cells slightly decreased after nano-β-TCP treatment for 48 h while the metabolic viability of HepG2 cells significantly decreased, indicating that nano-β-TCP has a more significantly inhibitory effect on HepG2 cells. Figure 5(b) shows the cell viability of HepG2 cells after nano-β-TCP treatment with different exposure time and concentrations. When the concentration of nano-β-TCP increased to 400 μg/mL, the cell viability of HepG2 cells decreased to 64.23% and 62.75% at 48 h and 72 h, respectively, indicating that nano-β-TCP caused reduced cell viability of HepG2 cells in a time-and dose-dependent manner. LDH released into the culture medium is also one of the indicators of cytotoxicity, which is used to characterize the integrity of the cell membrane [37] . The release of LDH from HepG2 cells and L-02 cells treated with nano-β-TCP for 48 h was significantly higher than that of the control group ( Figure 5(c) ). When the concentration of nano-β-TCP was 200 μg/mL, the release of LDH from HepG2 cells and L-02 cells was about 145.39% and 128.09% (versus control group), respectively. However, the concentration continued to increase; LDH slightly decreased but was still higher than the control group, which may be due to the agglomeration and precipitation of nano-β-TCP. Figure 6 shows fluorescence images of HepG2 cells treated with different concentrations of nano-β-TCP for 48 h. HepG2 cells nuclei were stained with DAPI into blue. With the increasement of the concentration of nano-β-TCP, the number of HepG2 cells decreased gradually, and the results were consistent with the MTT assay.
Conclusions
In this work, we have successfully prepared negatively charged rod-like nano-β-TCP using ethanol-water system and investigated the inhibitory effect of nano-β-TCP on 
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